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& Two-stroke engine regular Overset interface
— Geometry
— Regions
— Interface setup
— Mesh
— Physics
— Overset features
— Post-processing

& Two-stroke engine with Overset ZeroGap approach
— Regions
— Interface setup
— Mesh and Physics
— Post-processing

& Pro/Con Overset vs Overset ZeroGap for two-stroke engines

& Four-stroke engine with Overset ZeroGap approach
— Geometry
— Regions
— Interface setup
— Mesh
— Physics
— Overset features
— Post-Processing
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Two-stroke engine regular
Overset interface
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¢ Piston, connecting rod and crank web were taken from GrabCAD*. The
crankcase was built in STAR-CCM+ 3D CAD.

Piston

Outlet
Inlet

*https://grabcad.com/library/two-stroke-slider-crank-mechanism
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& 7 regions: piston, connecting rod, crank web, crankcase, inlet,

outlet,

channel = 2@
Outlet

Piston

Channel

Connecting rod f \:\

AN
y
*

Crankcase

(baCKground reglon) red marks Overset boundary



Interface setup

& 4 boundary interfaces:

channel - crankcase
inlet - piston

outlet - piston
channel - piston

& 6 regular Overset interfaces:

piston - crankcase
connecting rod - crankcase
crank web - crankcase
piston- crank web

connecting rod - crank web .

connecting rod - piston

/
y
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o ¥ Piston_slide
- Boundaries
o Feature Curves
o= Physics Conditions
¢ Physics Yalues
,t?. Maotion Specification
,1?. |O'-.-'erset Direction Specification

Cwerset Direction Specification - Properties X

¢ Properties

Direction -7

¢ Expert

Coordinate System Laboratory

Overset topology - Direction: for
applications where the Overset
boundary does not completely
enclose the overset region
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Mesh

& 2.9m poly cells
& b prism layers

h

Exact opening and
closing time for the inlet

and outlet flow



Mesh CD-adapco’

A Siemens Business

¢ Mesh motion Dynamic Overset Behaviour

[ # Piston_Slide

=& Boundaries

OutletRegion/Piston_Slide [1]

Overset

Overset 2

Piston_Slide/InletRegion [0]

SideChannel/Piston_5Slide [1]

Slidewall

Slidewall 2

Physics Conditions

%

‘> Reference Frame Specification
Shear Stress Specification
Tangential Velocity Specification

L
o
‘> Thermal Specification
o
)

m

Ty
|

-
L

User Wall Heat Flux Coefficient Specification

‘Y Wall Surface Specification
Z X =& Physics Values
— 47 Blended Wall Function
[+- B8 wall
. . (-8 wall 2 -
Solution Time 2e-05 (s) | |
Dynamic Overset Behaviour - Properties | =
|~ Properties

Allowable Overset Face States Active, Acceptor -
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& Physics

— Implicit unsteady

— ldeal gas

— Segregated flow solver

— Realizable k-epsilon two-layer
& Boundaries

— Stagnation inlet = OPa (unrealistic)

— Pressure outlet = OPa (unrealistic)
& Motion

— Crankweb: rotation 10,000rpm

— Piston: translation

— Connecting rod: superposing rotation
& Overset interfaces

— Close proximity enabled

Inlet

— Interpolation: linear
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& Close Proximity
— cell is deactivated only when the cell centroid is outside the boundary

¢ Interfaces
o Q| outletRegion/Piston_Slide
o . Overset Mesh 1 B
o . Creerset Mesh 2
o . Overset Mesh 3
o . Overset Mesh 4
o . Creerset Mesh 5
o . Overset Mesh &
o Ui Piston_slidefnletRegion
o 0l sideChannslfCasing

o Ql§ sidecChannelPiston_slide

[ b

[4]

Orwerset Mesh 1 - Properties X [=]

¢ Properties

Region-0 Piston_Slide

Region-1 Casing

werbosity Mone -
ICInse Proxirmity I

Alternate Hole Cutting L]
Treat Error as Warning [ ]
Type Creerset Mesh Inter... w

Tags Il L]

& Linear interpolation
& Dynamic Overset Behaviour: Active, Acceptor
& Overset topology: Direction
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Velocity: Magnitude (m/s)

.18.885

15.108

Velocity: Magnitude (m/s)

.65.330

52.264

11.331

39.198,

26.132

13.066

.0000
2.5410e -

WY
X Z

—

Solution Time 2e-05 (s)

Pressure (bar)

.0.065904

0.039753

0.013602

-0.012548

-0.038699

Note: This is a generic geometry. We do not £ g
apply realistic boundary conditions. Solution Time 2e-05 (s)
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Two-stroke engine with
Overset ZeroGap approach
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& 4 regions: piston, connecting rod, crank web, crankcase

Piston

Connecting rod

Crank web —

Crankcase
(background region)

red marks Overset boundary
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& 1 Overset ZeroGap interface:
— piston - crankcase

& b5 regular Overset interfaces:
— connecting rod - crankcase
— crank web - crankcase
— piston- crank web
— connecting rod - crank web
— connecting rod - piston

o i |0'-.ferset Mesh FeroGap 1| |:

Ceerset Mesh ZeroGap 1 - Properties X [=]

¢ Properties

Region-0 Piston_YeroGap

Region-1 Background

werbosity Mone b4
Close Proximity ]

Alternate Hole Cutting L]

Treat Error as Warning L]

Tvpe Owverset Mesh Interface w

Tags [l L]



Mesh and Physics @D-adapco@
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& 3.3m poly cells
& b prism layers

ZeroGap walls can have
an influence on the
opening and closing

time for the inlet and
outlet flow

S




Mesh and Physics @D-adapco*
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" 4
Z X

. >

Solution Time 2e-05 (s)

& Physics are identical to the previous case



Post-processing %?co-aaapcow

A Siemens Business

Velocity: Magnitude (m/s)

.18.907

15.126

Velocity: Magnitude (m/s)
66.107

2.3302e-07

Y
.)_(_g
Solution Time 2e-05 (s) Pressure (bar)
.0‘065913
0.039731
0.013549

Note: This is a generic geometry. We do
not apply realistic boundary conditions. Solution Time 2e-05 (s)




Pro/Con Overset vs Overset ZeroGap

& Pro Overset ZeroGap:
— Less interfaces
— Piston-crankcase penetration allowed

& Con Overset ZeroGap:
— Incorrect opening and closing time of the inlet and outlet

— More cells required

& Pro regular Overset interface:
— Correct opening and closing time of the inlet and outlet
— Less cells required

& Con regular Overset interface:
— More interfaces
— Piston-crankcase penetration not possible
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Four-stroke engine with
Overset ZeroGap approach

£, P
Crank Angle}jéfjég /52‘3
I
e \:F
;.

Crank Angle: 473

}’.'_.“ Velocity (m/s)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
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(& Generic 4-stroke geometry*

Intake valve 2 Inlet

Exhaust valve

Outlet

Piston

*Courtesy of Simon Fischer, CD-adapco
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& 4 regions: piston, engine, exhaust valve, intake valve

Engine fluid
(background region)

Exhaust valve Intake valve

Piston

red marks Overset boundary



Interface setup

& 4 regular Overset interfaces:
— engine fluid - piston
— piston - intake valve
— piston - exhaust valve
— intake valve - exhaust valve

@& 2 Overset ZeroGap interfaces:
— engine fluid - intake valve
— engine fluid - exhaust valve

Piston topology
is used
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[ Interfaces
[ . 1: Owerset interface between: engine-fluid and cylinder-fluid: owverset
- . 2 Overset interface between: cylinder-fluid: overset and intake-valve 1: o |
o= . 3 Owerset interface between: cylinder-fluid: overset and exhaustwvalve 1:
o= . 4: Overget interface between: intake-valve 1: overset and exhaust-valve 1.
- . |5: FeroGap overset interface between: engine-fluid and intake-valve 1. ove
o= Physics Conditions
-5 . 6 ZeroGap overset interface between: enginefluid and exhaust-valve 1: of |

4] Il | [ »]

5: ZeroGap overset interface between: engine-fluid and intake-valve 1: awver... X| [=

¢ Properties

Region-0 intake-walve 1. overset

Region-1 engine-fluid

Yerbosity Mone -

Close Proximity

Alternate Hole Cutting

Treat Error as Warning I

Type Overset Mesh Interface -

Tags 1l ]
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& 3.6m cells
& b prism layers in ZeroGap area (otherwise 3 prism layers)

iy ST
I/ 5‘;‘, I
Crank Ang.’g;%"_zo icco-fiis
i .:.J:f

f i Crank Angle: 302
i

A gap will be created, if there
are less than 2-4 cells
between two wall boundaries
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& Mesh motion

Crank Angle: 302

ZeroGap wall



Physics

& Physics
— Implicit unsteady
— ldeal gas
— Segregated flow solver
— Realizable k-epsilon two-layer

& Boundaries
— Stagnation inlet (unrealistic)
— Pressure outlet (unrealistic)

& Motion
— Engine RPM 3600
— Piston, intake/exhaust valve:
User Defined Vertex Motion
& Overset interfaces
— Close proximity enabled
— Alternate hole cutting enabled
— Interpolation: distance weighted
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Crank Angle: 435

Velocity (m/s)
lL_X 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Crank Angle: 435

8§0.000 100.00



Overset features

& Close Proximity

— cell is deactivated only when the cell

centroid is outside the boundary

& Alternate Hole Cutting
— determines whether the global or

the layered hole-cutting approach is 2~

used

& Overset topology: Piston

— for applications where a piston
moves within a cylinder. The cells
underneath the piston are
deactivated

.\ ? Interfaces

o= ' 1. Dwerset interface between: engine-fluid and cylinder-fluid: owverset
o= ' 2. Overset interface between: cylinder-fluid; overset and intake-valwe 1: o |
o= ' 3 Owerset interface between: cylinder-fluid: overset and exhaustvalee 1:
o= ' 4: Owerset interface between: intake-valve 1: overset and exhaust-valve 1

@D-adapcoﬁ
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e ' |5: FernGap overset interface between: engine-fluid and intake-wvalve 1. owve

- Physics Conditions

o . 6: Zerasap overset interface between: enginefluid and exhaust-valee 1: o &

1]

| [»]
]

5 FeroGap owverset interface between: engine-fluid and intake-valve 1. owver... X| &

¢ Properties
Region-0

Region-1

werbosity

Close Proximity
Alternate Hole Cutting
Treat Error as Warning

-7 Type

Tags

o ¥ cvinderfluid: averset

o Eoundaries

-5 Feature Curves

e Physics Conditions
b" Energy Source Option
47 Initial Condition Option
b" Mass Source Option
b“ Momentum Source Cption
b" Overset Topology
b“ Turbulence Source Option
b" User Defined vertex Option

o Physics Walues

intake-valve 1: overset

engine-fluid

Mone -
|

Overset Mesh Intarface

Ei

]

Overset Topology - Properties X

¢ Properties
Cption

Piston



Post-processing %?co-aaapcow
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Crank Angle: 302

IY_.X Velocity (m/s) Crank Angle: 302

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 &80.0 90.0 100.0

Note: This is a generic geometry. We do f

Pressure (bar)
-0.00013706 0.24800 0.49614 0.74428 0.99242 1.2406

not apply realistic boundary conditions. I



Thank you!

Questions?

Crank Ang!e}“310

X

Solution Time 2e-05 (s)
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